l Material and methods
Five pregnant ewes, of gestational ages ranging from 110-118 days (term 147-150 days) were studied; JEood was withheld for 48 hours prior to surgery. Hysterotomy was carried out with the ewe supine, following a single injection of spinal anesthesia using 10mg tetracaine hydrochloride (Pontocain®). This anesthesia was supple-
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SALHA S. DANIEL, Pb. D. 9 mented with 2.5% sodium pentobarbital (Diabutal®) solution given intravenously when necessary. Details of surgery have been described by GRESHAM et al. [14] . In addition to implanting catheters in fetal artery and vein, catheters were implanted in the amniotic cavity and fetal bladder via the urachus äs well äs maternal femoral artery. The fetus was returned to the uterüs and maternal uterine and abdominal incisions closed. The intravascular catheters were filled with aqueous heparin (1000 U/ml) and refilled daily äs long äs the preparation was in use. When urine was not being collected, the urachal catheter was connected to the amniotic fluid catheter. Penicillin, 5,000,000 Units, and l gram streptomycin were given intramuscularly to the mother prior to an for two days following surgery, and subsequently after every experiment. Three· to four days recovery period were allowed and the experiments on the fetus were therefore conducted at 115 days gestation or over (ränge [115] [116] [117] [118] [119] [120] [121] [122] [123] [124] [125] . Fetal weight ranged from 1.2 to 2.2 kg with an average of 1.8 kg. All ewes had a single fetus; one fetus was infused twice with scven days interval between the two studies. Each experiment consisted of l-2 hours of control observation following which acute acidosis in the fetus was induced by intravenous Infusion of isotonic lactic acid; fifteen mMoles in 60 ml (0.25 M solution) was given per kilogram estimated fetal weight. The initial rate was 0.25 mMoles/kg/min for 30 minutes followed by 0.13 mMoles/kg/min for the next 60 minutes. Previous experiments had shown that this initial rapid rate is necessary to produce a prompt acidosis [11] . Arterial blood samples were taken periodically during and for 3 hours following the completion of infusion. Urine was collected anaerobically throughout the experiment in 30 or 60 minute fractions and the volume recorded. Blood and urine pH, PcO2 anc * blood Pog were determined within ten minutes after sampling using microelectrodes; and base deficit or bicarbonate was calculated with the SIGGAARD-ANDERSON nomogram [26] . Measurements on urine samples were made after rinsing the electrodes anaerobically with the fluid to ensure stable readings. Urine and blood lactate were determined by a micromodification of the method of BARKER and SUMMERSON [3] . Plasma and urine were analyzed for total solute concentration (osmolality) [8] , Chloride [10] , sodium and potassium [23] and phosphate [2] , In addition, urine was analyzed for ammonia [25] and titratable acid [17] .
Results
The effect of lactic acid infusion on blood acidbase and plasma electrolyte concentrations in six experiments are presented in Tabs. I and II although there was a tendency for a rise towards the end o£ the study. There was a fall in plasma electrolytes presumably due to dilution; this persisted throughout the experiment with regard to concentration of chloride and inorganic phosphate, while concentration of sodium and potassium returned to control levels. Urine pH feil from 6.65 to 6.25 during the infusion and was 6.34 three hours later. Urine lactate rose from a mean control value of 0.9 to 15.1 mM/L during the infusion and after three hours, the concentration was 13.5 mM/L; the highest urine concentration of lactate occurred l-2 hours following the end of infusion reaching a mean of 19.9 mM/L (Tab. III, Figs. l and 2). The infusion of lactic acid caused a diuresis ( Fig. 3) , urine Output increasing from control values of 0.12 to 0.28 ml/kg/min at the end of the infusion, returning to control rates three hours later. There was a prompt increase in renal excretion of lactate from 0.05 prior to infusion, to a maximum of 4.6/^mole/kg/min at the end of infusion (Fig. 4 , Tab. IV). Net acid excretion (titratable acid +ammonia-bicarbonate) also rose from a control value of -0.5 to a maximum of 1.4/^Eq/kg/min; this maximal rate occurred two hours after the end of the infusion. Three hours following the infusion, the values for net acid excretion was 1.0//Eq/kg/min and for lactate excretion 1.3/^mole/kg/min. Osmolar and solute free water clearances both rose, indicating that diuresis was accompanied by an increase in solute excretion, particularly of sodium and chloride, whose rate of excretion increased by almost four fold (Tab. IV, Figs. 3 and 4). The rate of excretion of bicarbonate feil slightly while concentration feil significantly from 6.2 to 2.7 mEq/L three hours after the completion of infusion. There was a small but significant rise in excretion of inorganic phosphate from 0.54 to 1.66 /^mole/kg/min at the end of infusion, although the concentration feil from control value of 1.82 to a minimum of 0.80 mM/L after three hours of recovery. The fall in potassium concentration from 11.4 to a minimum of 1.6 mEq/L one hour after the infusion, was of sufficient degree to result in a decrease in potassium excretion from a control of 1.0 to 0.3/^Eq/kg/min, which persisted throughout the experiment (Tabs. III and IV). Twenty-four hours post infusion, acid-base and electrolyte composition of arterial blood and urine of fetuses studied wer-ς similar to the values obtained during the control period. The mean pH of arterial blood of the unanesthetized pregnant ewe, prior to infusion, was 7.461 ± 0.0089, mean P CO2 was 29. 
Discussion
These experiments demonstrate that the kidney of the fetal lamb is capable of prompt increase in hydrogen ion excretion in response to acutely induced metabolic acidosis early in the third trimester. During the 90 minutes of infusion and the following three hours, a total of 800/^mole of lactate was excreted; however, hydrogen ion excretion over the same period amounted to less than half that 'amount. The rise in both phosphate and ammonia excretion in the fetal lamb was small compared to that achieved by human adults during acidosis [24] but was of a similar order of magnitude to response observed in both newborn lambs and human infants [12, 13, 15, 27] . This is likely to be the principal reason for the limited ability of the fetus to eliminate the acid load through the kidney. In addition the sodiutn conservation mechanism was limited, excretion of sodium and chloride increasing more than threefold. Despite this limited renal contribution to acid-base homeostasis, both blood and urine composition had returned to control values by 24 hours. Thus the placenta and kidney o£ the well oxygenated fetus intact in utero are together capable, not only o£ eliminating the acid load, but of restoring base reserves lost during the diuresis and excretion of acid. The net effect, äs has been shown in earlier experiments, is that recovery from an induced metabolic acidosis takes several hours to reach completion [11] .
As noted above, the renal excretion of acid and lactate during the study period accounts for only a small portion o£ the acid infused. Although the animals received approximately 15 mEq/kg of acid, blood base deficit after three hours was around 7 mEq/L. The increase in excretion of net acid (T. A. + NH+-HCO~) during the period of observation was nearly 0.4 mEq; excretion of lactate was approximately double. Theref ore, the dectease in blood of lactate and base deficit duting the recovery period is very likely due to equilibration in the various fetal compartments, placental transfer, äs well äs metabolism by the fetus. Although sodium concentration in plasma feil during the infusion, the increased renal excretion of electrolytes which occurred during and following the infusion was not reflected by either plasma osmolality or sodium concentration, three hours after the end of the infusion. In addition no more than 20% of the water load infused was excreted by the kidney. This absence of change in plasma sodium or osmolality could be due to several factors including placental exchange of both water and electrolytes, equilibration with other fetal compartments, and possibly mobilisation of fetal Stores of sodium.
Comparison with human infants and adults
As noted above, the renal response to an acid load of the lamb fetus in utero was similar to that observed in premature and mature newborn infants and lambs. However, the increase in ammonia excretion in the lamb fetus was smaller than in human infants [12, 13, 15} . This difference could be due in part to the fact that ammonium chloride was used in human studies. The response was similar but somewhat greater in our experiments than in those reported in the exteriorized lamb fetus [27], even though the fetuses in the present experiments were quite immature. This could be due to differences in the two experimental preparations, the fetuses in utero having completely recovered from the effect of surgery and anesthesia. As in the exteriorized fetal lambs [27], the rise in urinary excretion of free hydrogen, phosphate and titratable acid was prompt while the maximum ammonia excretion occurred two to three hours following the end o£ acid infusion. In the adult, prolonged metabolic acidosis also produces an initial diuresis and increased renal excretion of sodium and chloride [24] ; the increase in chloride excretion is due to high plasma levels, sodium to achieve electrical equilibrium and the water obligatory. In the present fetal experiments, the anion introduced was lactate; the renal threshold and mechanism of tubular reabsorption for this ion are in all probability difFerent from those of chloride; some of the increase in sodium excretion observed in the present experiments might be to balance the lactate. However, this does not explain the increase in excretion of solute free water and of chloride. The diuresis and increased electrolyte excretion could be due to expansion of extracellular fluid volume [18] . Infusion of similar volumes of normal saline to fetal lambs of comparable gestational age also resulted in diuresis and increased electrolyte excretion; however, the diuresis occurred following the end of infusion and the increased electrolytes excreted during the experimental period was less than the amount infused [30], Although animals and newborn infants are knowiL to alter rates of excretion and urine flow by changhjg glomerular filtration rate (GFR) [28, 29] , it is not known whether changes in GFR did occur in the present study.
No consistent change in GFR was found during acidosis induced by a slow acid infusion to the exteriorized lamb fetus, although a diuresis was observed [27] .
In the adult, the initial period of increase in sodium excretion during prolonged acidosis is followed by a period of increased potassium excretion; ammonium and phosphate are excreted later in order to conserve and restore the potassium and sodium Stores. In the present experiments on lamb fetuses, no increase in potassium excretion was observed.. This is probably due to the short duration of acidosis. However, the difference must also be due to immaturity of the fetal kidney since the net acid excreted was much lower than the excess lactate and chloride. Acid infusion to the fetus caused a rise in arterial P C02 due to the acid-bicarbonate reaction. As in previously published data from our laboratories [11] , this increase was small and was followed by a return to control values soon after completing the infusion, indicating a rapid placental transfer of carbon dioxide. . r It is not known whether the fetal kidney of other species will respond in a similar fashion to an exogenous acid load, because of differences in placental structure, or whether the response to endogenous production of acid, äs a result of fetal asphyxia, would be the same. Nevertheless, it can be concluded that the kidney of the well oxygenated fetal lamb intact in utero is capable of prompt, although small, response to acid load and of contributing to fetal acid-base homeostasis.
Summary
Response of the fetal kidney to metabolic acidosis was 1 studied in five fetal lambs, 115-125 days gestation, in order to evaluate the renal contribution to elimination of hydrogen ion during intra-uterine development. Experiments were conducted on healthy unanesthetized fetuses, intact in utero, with catheters implanted at hysterotomy into a fetal femoral artery and vein and into the bladder via the urachus, four or more days prior to the study. A metabolic acidosis was induced by infusion of isotonic lactic acid, 15 m mole/kg, intravenously over a period of 90 minutes. Serial arterial samples were taken and urine collected in fractions, before, during and for three hours following the infusion, for measurements of pH, bicarbonate, lactate and electrolytes äs well äs urine Output. During the infusion, urine pH feil from 6.65 to 6.25 and was 6.34 three hours later (Figs. l to 4 , Täbs. III to IV). Lactic acid infusion caused a prompt increase in urine Output from a mean rate of 0.12 to a maximum of 0.28 ml/ kg/min at the end of the infusion, returning to control rates three hours later. Lactate excretion increased from 0.05 to a maximum of 4.6/^mole/kg/min at the end of infusion; titratable acid increased from 0.22 to a maximum of 4/iEq/kg/min; the rates of excretion of lactate and titratable acid were still higher than control at the end of three hours. Ammonia excretion increased from 0.21 to a maximum of 0.56 ^Eq/kg/min three hours after the end of infusion. The acid infusion caused a small but Keywords: Acid-base state, fetus, kidney, lactic acid, lamb.
significant fall in excretion of bicarbonate. During the 90 minutes of infusion and over the following three hours, aböut 800^mole lactate was excreted while net acid excretion over the same period was no more than half that amount. The diuresis was also accompanied by a net loss of sodium and chloride, the excretion of these ions increasing more than threefold following acid infusion; excretion of potassium decreased to one-third its rate prior to the infusion. During the 90 minutes of infusion, blood pH feil from 7.36 to 7.13, base deficit rose from 3.8 to 16.4 mEq/L and lactate rose from 2.2 to 14.8 mM/L; there was also a small but significant rise in both blood PcO2 an d ^02 (Figs. l to 2, Tabs. I to II) . During the following three hours of recovery, pH rose gradually to 7.29, base deficit and lactate feil to 7.4 mEq/L and 8.7 mM/L respectively. Since renal excretion of net acid and lactate was small, the decrease in blood base deficit and lactate levels during the recovery must therefore be mainly due to equilibration in various fetal compartments äs well äs placental transfer. These experiments indicate that, in the lamb fetus, intact in utero, the kidney although limited by immaturity of several mechanisms, is capable of tesponding to an acid load and thus can make a small contribution to fetal homeostasis. The increase in excretion of net acid is accompanied by loss of sodium and chloride in the urine. (Figs. 1-4 Mots-cles: acide lactique, qquilibre acido-basique, foetus, moüton, rein.
Zusammenfassung

